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在幼鱼暴露阶段，将 30 日龄的幼鱼暴露于 1、10、100 μg/L 3 个质量浓度的
NP 和 10 μg/L E2 中，同时设空白对照组和溶剂对照组，采用半静水式暴露体系，
持续暴露 100 d。分别于暴露 50 d（即 80 日龄）和 100 d（即 130 日龄）时取样
观察，测量体重和体长，以组织学方法观察性腺发育情况，统计性别比例。研究
结果表明，暴露 100 d 后，3 个 NP 暴露组的体重和体长随暴露浓度的升高呈上
升趋势，且 100 μg/L NP 组的体重和体长与溶剂对照组相比差异显著（p<0.05），
其原因可能是在一定浓度以下（如 100 μg/L），NP 对中华乌塘鳢幼鱼的生长有促




露组在两次采样中均未发现性别比例的改变；E2 组在暴露 50 d 采样时雌鱼比例




取性成熟雄鱼暴露于 1、10、100、1000 μg/L 4 个质量浓度的 NP 和 10 μg/L E2
中，同时设空白对照组和溶剂对照组。暴露 28 d 后，运用计算机辅助精子分析
（CASA）系统测定精子活力，以组织学方法观察精巢结构（1000 μg/L NP 组暴
















降低（p<0.01）。1000 μg/L NP 组的雄鱼暴露 14 d 后精巢组织发生解体，精子几
乎不具运动能力，暴露 16 d 后全部死亡，说明 NP 对中华乌塘鳢具有较强的生理
毒性。10 μg/L E2 组的雄鱼精巢结构并无明显损伤，也未发现雌雄同体性腺，但
精子活力与溶剂对照组相比却显著降低（p<0.01），这表明精子活力对环境内分
泌干扰物的反应较为敏感。 































In this paper, we used 4-nonylphenol (NP) and 17β-estradiol (E2) as endocrine 
disrupting chemicals to study their effects on sex differentiation and gonad 
development of the young fish and on spermatogenesis and sperm motility of mature 
male fish in Chinese black sleepers (Bostrichthys sinensis Lacépède). Both the 
mechanisms of hermaphroditic occurrence and feasibility that this species could be 
used as a bioindicator for water pollution were discussed. The results of the study are 
available for the fish healthy culture and environmental protection. 
30-day-old Chinese black sleepers were exposed to NP at 3 concentrations (1, 10, 
and 100 μg/L) and 10 μg/L E2 for 100 days in a semi-static water exposure system. 
Blank and solvent were served as negative control. The weight and body length were 
measured, histological method was used to observe the gonad development and the 
sex ratio was also obtained after 50 and 100 days of exposure. The results showed that 
the body weights and lengths increased with the increases of experimental 
concentrations after 100 days of exposure to NP in the three treatment groups, with a 
significant increase（p<0.05）at the highest concentration group. This suggested that 
NP at a certain concentration could promote the growth of juvenile fish, and that the 
promotion is strengthened with the increases of concentration. However, there were 
no significant differences (p>0.05) between the 10 μg/L E2 exposure group and the 
control group. The gonad development lagged and gonad structure was damaged after 
exposure to NP. The gonad development was inhibited and a large number of 
abnormal ovaries were found in the E2 exposure groups. Exposure to NP did not affect 
the sex ratio in the treatment grounps. Although the proportion of female fish was 
higher (p>0.05) than that of control after 50 days of E2 exposure, the propotion of 
female reached 89% (p<0.01) after 100 days of E2 exposure. This suggested that the 
effect of E2 on sex ratio needs time. 















concentrations (1, 10, 100 and 1000 μg/L) and 10 μg/L E2 in a semi-static water 
exposure system during the breeding season. Blank and solvent groups were served as 
negative control. Computer-aided sperm analysis (CASA) system was applied to 
measure the sperm motility and histological method was used to observe the testicular 
structure after 28 days of exposure (1000 μg/L NP exposed for 14 days). The results 
showed that exposure to 100 μg/L NP obviously reduced the degree of testicular 
maturity and caused fibrosis of testicular tissues. The activation rates and velocity of 
sperms also decreased significantly (p<0.01). After 14 days of exposure to 1000 μg/L 
NP, disorganization of testis was observed and motile sperms were hardly found. No 
fish survived after 16 days of exposure to 1000 μg/L NP, suggesting that the NP has 
greatly physiological toxicity to sperms. Testicular structural damage and 
hermaphroditic gonads were hardly found after exposure to 10 μg/L E2. Meanwhile, 
sperm motility decreased significantly compared with the control, indicating that 
sperms were sensitive to environmental endocrine disrupting chemicals.  
Key words: Bostrichthys sinensis; nonylphenol; estradiol; sex differentiation; gonad 







































EDCs 广泛存在于环境中，依据 EDCs 作用功能可分为环境雌激素、环境雄
激素、环境甲状腺激素等。根据其来源、化学结构又可分为[4]（表 1.1）：（1）天
然雌激素：如雌二醇（estradiol，E2）、雌酮(estrone)、雌三醇(estriol)。据报道




































表 1.1 环境内分泌干扰物的种类及主要来源[1,4] 
Tab.1.1 The types and main soures of endocrine disrupting chemicals 
分类 代表物质 主要来源 


















































腺功能改变，导致生殖机能失常等。如 Guillette 等(1995)发现，1980 年美国佛
罗里达州 Apopka 湖的严重农药污染使得短吻鳄(Alligator mississippiensis)数量
明显减少，雌性短吻鳄卵巢有多排卵小囊，许多卵母细胞都是多核的。雄性动物
输精管结构发育异常，一些胚芽细胞清楚地显现出了有丝分裂的形状；同时还发
现该地区动物的生殖器尺寸远小于来自其它地方的同类[5]。Sone 等（2005）用 1 
μg/L 和 10 μg/L 群勃龙（trenbolone）暴露雌性食蚊鱼（Gambusia affinis）幼鱼
28 d 后，发现雌鱼体内出现雌雄同体性腺，卵巢中出现精子[6]。Hirai 等（2006）
将日本青鳉（Oryzias latipes）从受精卵开始暴露于 150 ng/L E2，直至性成熟，结
果发现所有受暴露个体均发生了性别反转，转变为功能性雌鱼，并表现出明显的








D1 受体的水平明显升高，依赖多巴胺 D1 受体的奖赏效应增强，并使多巴胺 D1
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